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Regular participation in sports is generally perceived as beneficial for the body 
as well as the mind. This notion is not new, and even before concrete scientific 
arguments were offered to support it, individuals that regularly participated in 
sports (athletes) were valued and revered by others mainly due to their healthy 
near to “perfect” bodies and their athletic achievements. To celebrate athletic 
performance, but also to honour their gods, the Greeks organized once every four 
years the Olympic Games. These were considered a major event in the ancient 
world and for the duration of these games any hostilities ceased while sports and 
athletic competition captured all resources and attention.[1] Modern Olympic 
Games take place also once in four years and are considered one of the most 
important events an athlete can have in his/her record.  
One of the first written evidence that acknowledge the beneficial influence of 
sports is the one from the 5th century BC historian Hippocrates who wrote in his 
book “Regimen of Acute Diseases” that “the sick will of course profit to a great 
extent from gymnastics with regard to the restoration of their health and the 
healthy will profit with regard to its maintenance, and those who exercise will 
profit with regard to the maintenance of their well-being and a lot more”.[2] 
Nevertheless, Juvenalis (1st century AD) is the author of perhaps the most well-
known quote usually associated with sports “Mens sana in corpore sano”.[3] 
Originally written “every man should pray for a sound mind in a sound body”, in 
more recent times it became widely associated with the benefits of regular 
participation in sports and physical activities. Today the peer reviewed literature 
contains sufficient evidence available supporting the beneficial influence regular 
participation in sports has for both body and mind.[4-6] 
Athletic performance has been positively associated with a good physical 
condition, thus there it should be obvious why all ancient and pre 20th century 
athletes are represented as having near to “perfect” bodies and physical health.[7] 
Apparently, until the beginning of the 20th century, there are no records of 
individuals with physical disabilities to ever participate in an organized sporting 
event. The first record of an individual with physical disabilities participating in an 
organized sports dates back at the beginning of 20th century and concerns George 
Eyser.[8] He was an athlete with an amputation of the lower limb who participated 
at the 1904 Olympics. Despite his handicap he competed successfully against able 
bodied athletes and won 6 Olympic medals in one day (3 gold, 2 silver and 1 
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bronze).[8] Considering that there are major functional differences between able 
bodied individuals and the ones with lower limb amputation, his performance was 
quite remarkable.[9;10] These functional differences made it almost impossible for 
athletes with physical disabilities to participate in organized sporting events and 
competing against able bodied athletes.  
The first sporting event especially organized for individuals with physical 
disabilities took place in 1948 at the Stoke Mandeville Hospital, under the 
initiative of Sir Ludwig Guttmann, a British neurologist of German descent.[11] The 
Stoke Mandeville Games are considered to be the precursor of the first 
Paralympic games which took place for the first time in Rome (1960) and became 
a regular event once every 4 years.[12] The number of participants and sports 
performed increased with every edition of the Paralympic games and in London 
Summer Paralympics of 2012, 4237 athletes competed in 20 sports.[13;14] Not only 
the number of sports and athletes increased but also the variety of accepted 
disabilities. While in Rome only athletes with spinal cord injury competed, in 
London athletes competed in 6 separate disability groups: Amputees, Cerebral 
Palsy, Intellectual Disability, Visually Impaired, Wheelchair and “Les Autres”. 
These separate categories were needed in order “to ensure competition is fair 
and equal, and that winning is determined by skill, fitness, power, endurance, 
tactical ability and mental focus, the same factors that account for success in 
sports for able bodied athletes”.[15] 
Each disability is associated with a specific burden, mostly a limitation in 
physical or sensorial functioning, intellectual abilities or even a combination of 
physical, sensorial and intellectual abilities. Regular participation in sports and 
physical activities has a beneficial effect on various domains, thus decreasing to 
some extent the disability burden.[16;17] Similar to able bodied individuals, disabled 
individuals who participate in sports and or physical activities acknowledge that 
apart from an obvious improvement in physical domain they also experience 
benefits in the psychological and social domain.[18-21] Individuals missing their 
upper or lower limb, completely or partially, have in general better physical 
condition compared to individuals with other physical disabilities (e.g. cerebral 
palsy or spinal cord injury).[22;23] Still, they may experience significant limitations in 
physical functioning as compared to able bodied individuals.[24] Besides the 
functional limitation, most of lower limb amputees (LLA) are more likely to suffer 
from depression in the first 2 years following their amputation.[25;26] Based on 
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available evidence, presented by peer reviewed literature, it appears that regular 
participation in sports has a beneficial influence on physical and psychosocial 
characteristics of LLA, thus decreasing to some degree the burden of 
amputation.[24;27-33] Nevertheless, due to the amputation self and the 
accompanying medical condition LLA tend to be less physically active than able 
bodied individuals.[34-36]  
Studies focusing on amputees’ sports participation are generally characterized 
by small sample sizes, diverse outcome variables and anecdotal reports. For 
example around 30% of Dutch LLA[37] and 60% of American LLA[38] participate in 
sports. Also most of the studies addressing this topic do not define sports 
participation. Mentioning this definition may reduce the bias of reporting. One 
such definition is the one used by World Health Organization which defines sport 
as an activity involving physical exertion, with or without game or competition 
elements, with a minimal duration of half an hour and where skills and physical 
endurance are either required or to be improved.[39] Physical activity was defined 
as any bodily movement produced by skeletal muscles that require energy 
expenditure.[40] Consequently, in this thesis, an athlete is considered the individual 
that participates in sports and physical activities according to the above 
mentioned definition.  
In the near future the number of amputees, especially LLA, will increase due 
to increasing life expectancy as well as increasing incidence rate of diabetes 
mellitus and cardio-vascular diseases.[41] Consequently, the need of assistive 
devices, rehabilitation programs and rehabilitation centers are also more likely to 
increase. For the able bodied, regular participation in sports may help to reduce 
the economic burden of disease by increasing physical capacity, mobility and 
reducing the risk of cardio vascular disease.[42] By increasing the number of LLA 
that participate in sports it may be that a similar effect as compared to able 
bodied will be observed. Nevertheless in order to be able to increase the activity 
level in a population, one has to identify the initial state of the population and 
later the factors, including barriers and facilitators, which influence participation 
in sports of this population. Based on this information professionals working with 
individuals with limb amputations may develop rehabilitation programs aimed to 
increase or just support the activity level of these individuals. Eventually, 
increasing the number of amputees that participate in sports will have a beneficial 
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effect not only on their personal characteristics and wellbeing but also on their 
social environment.[6;16;17] 
Thesis aim and research questions 
The general aim of this thesis is to gather scientific data related to the 
participation in sports of individuals with limb amputations, to identify the 
participation rate in sports, the factors influencing participation in sports and the 
barriers and facilitators for sports participation. More specifically, this thesis aims 
to answer the following research questions: 
• What is the level of evidence as presented by peer-reviewed literature 
concerning individuals with upper and lower limb amputations and their 
participation in sports and/or physical activities? (Chapter 2) 
• What are the biomechanical characteristics of their physical activity, cardio-
pulmonary function, psychological wellbeing, rehabilitation and functional 
outcome and injuries characteristics? (Chapter 2) 
• What is the level of evidence and the knowledge gaps as presented by peer-
reviewed literature for both upper and lower limb sport prostheses? (Chapter 
3) 
• What are the characteristics of the sports participation of Dutch individuals 
with upper limb deficiency (ULD) and the factors associated with this 
participation? (Chapter 4) 
• What are the reasons individuals with ULD participate or not in sports? 
(Chapter 4) 
• What is the percentage of Dutch lower limb amputees (LLA) that regularly 
participate in sports and the factors influencing this participation? (Chapter 5) 
• What are the barriers and facilitators that influence participation in sports of 
LLA? (Chapter 6) 
  
 
  
